The worldwide concern about the gender gap in information technology and the lack of woman participation in computer science has been attributed to the different cultural influences to which boys and girls are subject. In The University of Hong Kong, girls achieved greater improvements in their computer skills than their male counterparts after completing one year of studies. Recognising their own progress has, in turn, boosted their confidence in using IT. The young women's estimates of their skill levels have doubled over the years from 1998 to 2000. Despite this recorded acceleration at the end of the academic years, girls were less confident of their abilities and possessed lower IT skill levels than boys before starting their university education, as found in surveys of freshmen's computer skills. This study compares the responses of student participants of the HKU/IBM Notebook Computer Programme, which started in 1998, in the self-reported IT skills and attitudes of male and female students, in surveys conducted both at the beginning and again at the end of the freshman year. It also examines the achievement scores of the IT Proficiency Tests and the 'Foundations to Information Technology' courses administered for the student IT requirement for graduation.
Introduction
While the use of computers and information technology (IT) is becoming ubiquitous in everyday life, IT is also transforming educational settings. Following the widespread influence of IT inevitably came the issue of gender differences in access and use. The American Association of University Women Educational Foundation (AAUW, 1994) reported gender differences in the use of IT from synthesised results of over 1000 studies, labelling technology as the 'new boys' club', as boys use computers to program and solve problems while girls use IT for word processing.
Gender and IT at The University of Hong Kong
From the Hong Kong (1996) Population By-census data, the gender ratio in fulltime education in Hong Kong shows a nearly half-half split in numbers (C&SHK, 1997; 64-65) , but female students are still a minority in science and technology disciplines. In the 1999 University Grants Committee report on higher education (UGCHK, 1999) , there were only 18% female students among all those who were enrolled in computer science and information technology programmes in 1997-98 in all the universities funded by the UGC. While the female to male ratio of new undergraduates in The University of Hong Kong in 2000-2001 was 56 : 44, female first year students enrolled in the computer science and information technology curricula offered, i.e. BEng (CE), BEng (InfoE) and BSc (CSIS), only amounted to 19%, two percentage points lower than the proportion of female first year students in the whole Faculty of Engineering.
Since the recommendations in the Final Report (AGLTHKU, 1997) of the Ad Hoc Group for Learning Technologies in June 1997, a 'digital culture' in campus life has emerged in the University, as a result of the integration of IT into teaching, learning and research. A student IT requirement for graduation was introduced in 1998.
It was also in 1998 that the University implemented a campus-wide notebook computer programme (NCP) to ensure that each student has 24-hour access to a high quality computer for education and research. Under the programme, all new incoming first year undergraduate students have been offered the opportunity to purchase one of several models of the IBM ThinkPad notebook computer at a discounted rate with a subsidy from the University. The participation rate average 81.7% for the three cohorts of first year students from 1998 to 2000.
Beginning in August 1998, as part of its support for the NCP, the IT & Teaching Group conducted surveys of each incoming class at the beginning and end of the first year at the university. Students were asked to rate their IT skills and respond to a series of statements concerning attitudes towards the use of IT in education. This paper will analyse the differences in the self-reported IT skills and attitudes of male and female students by comparing the responses of three cohorts of student participants (1998-99, 1999-2000, and 2000-2001) in the NCP. The study also drew on the achievement scores of the IT Proficiency Tests and the grades in the 'Foundations to Information Technology' (FIT) courses, which were administered for the student IT requirement, achieved by all the first-year students in the 1998-99 and 1999-2000 cohorts who took part in either the Test or the FIT courses.
Student surveys
As mentioned earlier, new first year incoming students were surveyed at the beginning of the academic year in the 'year-start surveys', and again at the end of their first year at the university in the 'year-end surveys'. To distinguish the three groups of students, incoming students in 1998 will be referred to as 'Cohort 1', 1999 students as 'Cohort 2' and the 2000 students as 'Cohort 3'.
Notes on methodology
An overview of the surveys is given in Table 1 .
Year-start surveys. It was the intention to use the year-start surveys to collect baseline information before the incoming first year undergraduate students started receiving IT instruction or had any experiences with IT at the University. Students were asked to assess their self-reported level of competency using computers * , their level of familiarity with specific software packages, and respond to a series of statements concerning attitudes towards the use of computer in education.
While the year-start survey conducted on Cohort 1 (referred to as 'Survey YS1') was a census/nonsample survey, the other two were random sample surveys (for Cohort 2 referred to as 'Survey YS2', and Cohort 3 referred to as 'Survey YS3'). In the year 2000 start survey, a quota was introduced to the sampling process of both the participants and non-participants of the NCP. For Survey YS1, a weighting was performed on the findings due to the low response rate (30%). Based on the assumption that faculty affiliation was a factor affecting students' IT skills, attitudes and beliefs, the survey data obtained from respondents who were NCP participants were adjusted according to the actual faculty distribution of the whole population of first-year participants. A weight factor for individual faculties was calculated by dividing the actual percentage by the survey percentage distribution.
In both the 1999 and 2000 start surveys, there was a difference between the male to female ratio of the actual population of first year students and that of the respondents to the survey * . Since this difference was bigger than the respective margin of error of the surveys † , the results of the 1999 and 2000 start surveys were weighted according to the actual gender distribution of the respective population of freshmen. For both surveys, a weight factor was calculated for the responses from each of the groups of male and female students by dividing the individual male and female percentages of the actual population by those of the survey sample. , hereafter referred to as 'Survey YE3'). The objectives of these surveys were to gauge the changes in the self-reported IT skills of the students and their attitudes about computer use in education after one year of study at the university. They also aimed to evaluate student usage of the notebook computers purchased through the notebook computer programme, and their level of satisfaction with this programme and other supporting services.
For the year 2000 end survey, the difference between the male to female ratio of the actual population of first year students and that of the respondents to the survey ¥ was bigger than the margin of error of the survey # . The results of this survey were weighted according to the actual gender distribution of the population of freshmen.
Student self-reported IT skills
IT skills at start of year At the beginning of each academic year, the three Cohorts were asked to rate themselves in terms of their 'current ability to use a computer' on the five-point scale mentioned earlier. A brief description was offered of the types of skills included in each choice. * For 1999, the male to female ratio of the first year population was 43.2 : 56.8, while that of the respondents to the year-start survey was 36.4 : 63.6. For 2000, the male to female ratio of the first year population was 44.0 : 56.0, while that of the respondents to the year-start survey was 35.6 : 64.4. † At 95% confidence level, the margin of error for the 1999 year-start survey was less than ± 4.3%, while that for the 2000 year-start survey was less than ± 3.5%. ¥ For the 2000 Cohort, the male to female ratio of the first year population at the end of the academic year was 44.1 : 55.9, while that of the respondents to the year-end survey was 35.2 : 64.8. # At 95% confidence level, the margin of error for the 2000 year-end survey was within ± 5.5%.
While Cohort 3 students began the year with more developed computer skills than did Cohort 2 and even more than Cohort 1, it is noteworthy that male respondents had the tendency to rate themselves higher than female respondents. The results of Surveys YS2 and YS3 were tested to be statistically significant at the 0.01 level or smaller (Survey YS2: χ 2 = 32.375, p = 0.000; Survey YS3: χ 2 = 64.467, p = 0.000).
Nearly half (48%) of the female respondents of Cohort 1 but only slightly more than one-third (36%) of the male respondents rated themselves as someone with 'limited experience.' In Survey YS2, 40% of the female respondents from Cohort 2 and only one-quarter (25%) of the male respondents rated themselves as such. This discrepancy continued into the third year when only 16% of the male respondents and nearly two times (30%) as much of the female respondents gave themselves such a rating. Similarly, while over one-fifth (23%) of the male respondents of Cohort 1 rated themselves as a person with 'significance experience', only about 10 percent of the female respondents rated themselves at this level. For Cohort 2, one-quarter of the male respondents and 18% of the female respondents labelled themselves likewise, whereas one-third of the male respondents from Cohort 3 chose the label as against less than a quarter of female respondents (23%) (see Table 2 ).
And yet, the biggest gap has been developed over the three years in the category of experts: the male to female gender ratios are 3.7 : 0.6 in 1998-99, 10.1 : 0.7 in 1999-2000, and 13.8 : 0.8 in 2000-2001 . While the proportion of male respondents who rated themselves as experts has grown considerably by nearly threefold, that of female respondents has seen a very small increase. It must be pointed out, however, that there may be the tendency that the male students have over-estimated their knowledge, while their female counterparts underestimated theirs, and that gender differences in the number of students who labelled themselves 'Experts' is not a measure of gender differences in actual expertise terms.
OSA reports of student profile
Notwithstanding, the gender gap in the results above were further confirmed by the data in the reports of 'A Profile of New Full-time Undergraduate Students' conducted by the Office of Student Affairs (OSA) in the three successive years of 1998, 1999, and 2000. When asked to assess their own computer skills on a fivepoint scale, the female respondents of all three cohorts gave themselves lower ratings than their male counterparts. The mean rating of the male respondents of Cohort 3 was 3.11, as against a mean of 2.66 for the female respondents (OSAHKU, 2000; 18) . For Cohort 2, the means for male and female respondents were 3.07 and 2.55, respectively (OSAHKU, 1999; 21) , whereas those for Cohort 1 male and female respondents were 2.94 and 2.48 (OSAHKU, 1998; 23) (see Table 3 ). Starting in 1999, a new item was added to the survey instrument gauging students' adaptation to university life. Female respondents expected more difficulty than their male counterparts in their use of IT for studies and learning (OSAHKU, 1999; 45 and OSAHKU, 2000 ; 41) (see Table 3 ).
IT skills at End of Year
For their self reported skills at the end of the year, 26% of the male respondents in Cohort 3 labelled themselves as 'experts', as against only five percent of the female respondents who regarded themselves as such. Nine percent of the male respondents and 12% of the female respondents of Cohort 2 rated themselves as having 'limited experience', while more than one-quarter (29%) of the male respondents but only five percent of the female respondents rated themselves as an 'expert.' As regards Cohort 1, eight percent of the male and 18% of the female respondents rated themselves as someone with 'limited experience.' Meanwhile, 18% but only three percent, respectively, of the male and female respondents regarded themselves an 'expert' (see Table 4 ). These results were also tested to be statistically significant at the 0.01 level or smaller (Survey YE1: χ 2 = 43.005, p = 0.000; Survey YE2: χ 2 = 69.657, p = 0.000; Survey YE3: χ 2 = 30.529, p = 0.000).
Number of software packages known
For the number of software packages known by respondents, a similar phenomenon was observed. The results were tested to be statistically significant (Survey YS2: t = 6.155, p = 0.00; Survey YS3: t = 8.006, p = 0.00). Even though the mean numbers of software packages known for the male and female students are both in a trend of considerable increase through the years, male students continued to report knowing more number of software packages than female students in all the three cohorts (see Table 5 ). Again, it must also be pointed out here that self-reported knowledge of a software package is not a measure of actual ability.
Confidence level in using computers
There were two statements concerning IT attitudes that refer to students' confidence levels in using computers. These two statements were 'I feel comfortable using computers', and 'I am fearful about computer use.' Several observations could be highlighted in regard to gender differences.
Cohort 1. For Cohort 1, gender differences were observed in the Year-Start and Year-End survey results for both statements. Male respondents were significantly more confident in using computers than their female counterparts (Survey YE1: χ 2 = 9.548, p = 0.008) (see Table 6 ).
As regards the statement 'I am fearful about computer use', the results were also statistically significant beyond the 0.005 level (Survey YE1: χ 2 = 11.502, p = 0.003) (see Table 7 )
Cohort 2. For Cohort 2, significant gender differences were observed for both the Year-Start and Year-End survey results for the statement 'I am fearful about computer use.' (Survey YS2: χ 2 = 9.709, p = 0.008; Survey YE2: χ 2 = 7.121, p = 0.028.) (see Table 8 ).
Cohort 3. Significant gender differences were also observed in Cohort 3 respondents for both the Year-Start and Year-End results for the statement 'I am fearful about computer use.' (Survey YS3: χ 2 = 15.340, p = 0.000; Survey YE3: χ 2 = 7.818, p = 0.020.) (see Table 9 ). Experience teaching others to use computers Students' confidence in using computers is manifested not only in their perceived level of comfort working with computers, but also in their experience in teaching others to use computers. When asked whether they have ever taught anyone else to use a computer, significantly larger proportions of male respondents than female respondents from all the three cohorts replied to the positive (Survey YS2: χ 2 = 11.513, p = 0.001; Survey YS3: χ 2 = 7.010, p = 0.008). The biggest difference in percentages (17 percentage points) is recorded in the Cohort 2 respondents. In Cohort 1, half of the male and slightly more than one-third of the female respondents have taught someone to use a computer. Meanwhile, nearly two-thirds of the male and only slightly more than half of the female respondents of Cohort 3 had such an experience, recording a difference of 11 percentage points (see Table 10 ).
IT proficiency test
The IT Proficiency Test has been administered as an option for the student IT requirement for graduation introduced since 1998. In fact, students may opt for passing the IT course in six modules and also get three credits, or passing one IT Proficiency Test to meet the requirement without any credit. Individual departments also prescribe courses within the departments as meeting the IT requirement. The 2 hour-long IT Proficiency Test is jointly offered by the Department of Computer Science & Information Systems, Computer Centre and University Libraries. Data reported in this section are drawn from the achievement scores in the IT Proficiency Tests and the grades in the 'Foundations to Information Technology' courses of all the two cohorts of first-year students in 1998-99 and 1999-2000. Since there was no sampling involved, no statistical tests were applied to the data compared and the differences reported are actual differences observed. 
Confidence in taking the IT proficiency test
Examining the data of the IT Proficiency Test gives some further support to the gender differences in students' confidence in their IT skills. In both cohorts, smaller proportions of female students took the test than male students, even though the gender ratios of the total population of first year undergraduate students were in a reversed order.
Cohort 1.
For the total population of Cohort 1, there were 43% male and 57% female students. But among all the 405 students who chose to take the IT Proficiency Test in 1998-99, nearly three-quarters (72%) were male students (see Fig. 1 ).
Cohort 2. More students from Cohort 2 took the IT Proficiency Test in 1999-2000. But the proportion of male students who chose the test as the IT requirement for graduation was more than half (55%), as compared to the proportion of 43% of male students in the total population of Cohort 2 (see Fig. 2 ). The fact that a larger proportion of female students than male students in both Cohort 1 and Two were eligible to take the IT Proficiency Test, but that actually smaller proportions of female students did choose this option, further suggests that the confidence of the male students in their self-perceived IT competency might be a significant factor for their choice. However, there might be other academic requirements that have influenced students' decision whether to take the test.
Scores achieved and attempts made
Further examination of the scores achieved by the students taking the test over the two years adds weight to the argument that there were gender differences in IT competency. The means for male students of both Cohort 1 and Two were higher than those for female students of both cohorts were. Cohort 2 male students who took the IT Proficiency Test obtained a mean score of 66.12, while female students achieved a mean score of 64.20, resulting in a difference of 1.92 marks. Meanwhile, the mean score for Cohort 1 male students was 58.66, and that for female students 57.30, a difference of 1.36 marks. In addition, female students needed more attempts to get a passing score than their male counterparts did, and one-third more failed all attempts in 1999-2000 (see Table 11 ). 
IT course
Taking the 'Foundations to Information Technology' (FIT) course offered by the Department of Computer Science & Information Systems, Computer Centre and University Libraries is the most common way that students at HKU meet their IT graduation requirement. For those who take the IT course, they have to pass 6 modules, but they are free to choose the order of the different modules to suit their needs. There is a test for each module, which lasts for one hour. Students need to pass all six tests to meet their graduation requirement. In this section, the test grades in the FIT courses of all the first-year students of the two cohorts in 1998-99 and 1999-2000 are analysed. As no sampling was involved, there was no need to apply statistical tests on the data. The differences reported, whether in means or percentages, are actual differences observed. Cohort 2 male students who took the IT course in 1999-2000 out-performed the female students by 1.66 marks (mean scores for male and female students were, respectively, 37.47 and 35.81), while in 1998-99 by only 0.92 mark (mean scores for male and female students were, respectively, 30.53 and 29.61) (see Table 12 ). Female students also had to make more attempts than male students did to obtain a pass for all the modules of the course.
Discussion
Gender differences in IT skills are not only experienced in this university. Such differences are also evident in American universities. Discovering a phenomenon similar to that in this university, the fall 2000 survey of UCLA unfolded a gap among the current freshmen as the largest in the 35 years of history of the survey in their self-rated computer skills (Sax et al., 2000) . Nevertheless, further investigation into the data from this university has yielded another picture that also merits attention. Despite the lower ratings that female students gave themselves in their computer skills, their lower level of comfort working with computers, and the smaller proportions of female students who took the IT Proficiency Test, there are indications that they have been quick in catching up.
Over the three years, the proportion of male respondents who rated themselves as being experts or having significant experience at the start of the year increased by 80%, whereas that of the female respondents by 129% (see Table 13 ).
Similarly, the proportion of male respondents who gave themselves the same ratings at the end of the year experienced an increase of 10% over the two years vs. 97% of the female respondents (see Table 13 ). Furthermore, the male proportion who has the experience of teaching someone to use a computer increased by 27% over the three years, when the female proportion increased by 44% (see Table 14 ).
The proportion of first year male undergraduate students who took the IT Proficiency Test increased by 91% between Cohort 1 and Cohort 2, whereas the female proportion changed by 297% (see Table 14 ). The change in profile between the male and female students as presented above illustrates acceleration in confidence of female students in IT, amidst the persistent phenomenon of their lower self-ratings and performance in IT skills, as compared to those of the male students. It is important to note here that female students have more possibility for change as they have started out from a lower level.
Conclusion
Even though information technology is so influential in our society and computers are so widely used in education, male and female students still tend to perform differently in IT skills. For whatever reasons, the larger proportions of female students who came to study at The University of Hong Kong rated themselves as less competent and less confident in computer use, and knew less software packages, than their male counterparts. Much smaller proportions of female students were confident enough to take the IT Proficiency Test and they scored lower marks than the male students did. Yet, this does not preclude other academic requirements as the factor of having contributed to students' decision whether to take the test.
Nonetheless, the change in profile between the male and female students over the years not only attests to an expeditious acceleration of female confidence in their own IT skills over the three years in question, but also suggests another angle to examine the issue of gender differences in IT skills and attitudes. That there is larger room for improvement by female students who have started out from a relatively lower point than their male counterparts in the scale of IT skills is not a bone of contention. Meanwhile, there might also be the possibility that the social factor of the gradual overall change in IT attitude in the society of Hong Kong has effected the change in the female students. Will this factor be instrumental to an eventual bridging of the present gap in IT skills among Hong Kong male and female students?
It will also be interesting to investigate what gender perceptions, especially those 
